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Abstract
Academic preparedness, executive function abilities, and positive relationships with teachers have 
each been shown to be uniquely important for school readiness and success in the early elementary 
grades. Few studies, however, have examined the joint influence of these readiness variables on 
early school outcomes. Using data from a prospective longitudinal sample of 1292 children and 
families in predominantly low-income and rural communities, we found that executive function at 
child age 48 months and a higher quality relationship with the kindergarten teacher each uniquely 
moderated the effect of math ability in preschool on math ability at the end of kindergarten. This 
effect was seen for math ability as measured by the Early Childhood Longitudinal Study-
Kindergarten (ECLS-K) mathematics assessment battery but not the Woodcock-Johnson III Tests 
of Achievement Applied Problems subtest. For children with lower math ability in preschool as 
assessed by the ECLS-K Math battery, higher executive function abilities and a more positive 
relationship with the kindergarten teacher were each associated with a higher than expected level 
of math ability in kindergarten. Conversely, lowest levels of math ability in kindergarten were 
observed among children with low math ability in preschool and poor executive function or a less 
positive relationship with the kindergarten teacher.
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Early academic ability is a strong predictor of later academic ability. Children with greater 
knowledge and understanding of letters and number concepts at school entry achieve at 
higher levels academically in later grades than their less well prepared peers (Duncan et al., 
2007). Although academic preparedness plays a prominent role in school readiness (Duncan 
et al., 2007; Pianta, La Paro, Payne, Cox, & Bradley, 2002), self-regulation abilities, 
including executive functions as well as social and emotional aspects of self-regulation are 
also important (Blair & Raver, 2015). For example, children who can effectively hold 
information in mind in working memory, selectively attend to stimuli, and inhibit irrelevant 
and distracting information – executive function abilities that in part undergird self-regulated 
learning and metacognitive skills (Zimmerman, 2008) – achieve at higher levels 
academically than children who are less adept at these abilities (Blair & Razza, 2007; Bull, 
Espy, & Wiebe, 2008; McClelland et al., 2007; Raver et al., 2011). Similarly, children with 
positive relations and low levels of conflict with teachers, indicative of social-emotional 
competence, are more likely to demonstrate higher academic performance (Burchinal et al., 
2008; Hamre & Pianta, 2001; Liew, Chen, & Hughes, 2010; Schmitt, Pentimonti, & Justice, 
2012), particularly when receiving higher quality instruction (Crosnoe et al., 2010).
Predictors of school readiness and early academic progress are well established. Less is 
known, however, about relations among these predictors. No studies of which we are aware 
have examined the possibility that effects of aspects of self-regulation such as executive 
function abilities and the child's relationship with the teacher are most pronounced for 
children with initially low levels of academic preparedness for kindergarten. Whereas 
children entering school with well-developed academic skills will likely meet classroom 
learning goals, higher levels of executive function abilities and more positive relationships 
with teachers should in theory help children with limited academic preparedness as assessed 
by standardized measures to capitalize on learning opportunities and to make larger gains 
than would be expected from preschool level of ability on its own. Executive function 
abilities would assist children in maximizing engagement in learning activities while close 
supportive relationships with teachers would provide an increased level of attention and 
support in learning activities. Teachers provide more explanation and scaffolding for 
children with whom they report being close (Allington, 1984; Nomi, 2009) and this 
increased instruction has been shown to be important for academic achievement (Hamre, 
Hatfield, Pianta, & Jamil, 2014; Hamre & Pianta, 2001). Thus, executive function abilities 
and positive relationships with teachers may help close an early achievement gap for 
children with initially low levels of measured academic ability at school entry.
The purpose of our study was to test the hypothesis that executive function abilities and the 
quality of the relationship with the kindergarten teacher will each individually interact with 
mathematics ability measured in preschool to predict mathematics ability measured at the 
end of kindergarten. We focus on early mathematics learning given the generally high 
metacognitive demand of early math learning and for reasons related to the measurement of 
early ability in math. Mathematics, even for very young children includes activities focusing 
on pattern completion and the identification of conceptual relations among problem 
elements that make substantial demands on reasoning and abstraction (Baker et al., 2010; 
Blair, Knipe, & Gamson, 2008). Early reading also makes demands on reasoning, for 
example holding in mind rules for spelling and syntax that are unique to specific letter or 
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word combinations. Measures of early reading, however, tend to focus on knowledge of 
letters and words more so than on reasoning. In contrast, measures of early math ability 
generally include items assessing reasoning and conceptual skills as well as knowledge-
based aspects of mathematics. Thus, for conceptual and methodological reasons, we focus 
our analysis on early mathematics learning but suggest that our approach is also relevant to 
early reading and to academic achievement more generally.
Methodologically, we focus on a sample at risk for early difficulty in school due to poverty. 
Children from low-income homes tend to enter kindergarten with less well developed 
academic abilities than their higher income counterparts (Brooks-Gunn & Duncan, 1997; 
Duncan & Brooks-Gunn, 1997). It is also well established, however, that children from 
poverty backgrounds are more likely to enter school not only less prepared academically but 
also with less developed self-regulation skills (Fitzpatrick, McKinnon, Blair, & Willoughby, 
2014; Noble, McCandliss, & Farah, 2007). It may be that the combination of poor academic 
preparedness with poor EF or with a less positive relationship with the teacher is associated 
with the least positive learning trajectory into kindergarten. If so, this would indicate a group 
of children who are at high risk for early school difficulty.
1. Aims and hypotheses
The foregoing underscores the importance of understanding how initial math preparedness, 
executive functioning, and the quality of teacher–child relationships may uniquely and 
interactively predict academic outcomes in kindergarten. Although prior research has shown 
the importance of each domain independently, far less is known about relations among these 
aspects of children's early schooling. This study builds on prior research on school readiness 
by examining these relations in a large prospective, longitudinal sample in two regions of 
high poverty in the United States. In light of persistent and increasing gaps in academic 
achievement associated with poverty (Reardon, 2011), potential moderating effects of 
executive functions and positive relationships with teachers on the development of 
mathematics ability between preschool and kindergarten may provide some insight into 
ways in which to narrow the achievement gap and inform efforts to identify children at 
highest risk for early school difficulty.
Importantly, to address the foregoing points, we simultaneously examine two highly reliable 
and widely validated measures of early math ability, namely, the ECLS-K Math assessment 
from the Early Childhood Longitudinal Study – Kindergarten cohort study and the Applied 
Problems subtest of the Woodcock-Johnson III Tests of Achievement. The ECLS-K Math 
battery was developed in response to the need for a sensitive measure of the development of 
math skills in early childhood whereas the Applied Problems subtest was developed to 
assess mathematics ability across the lifespan from ages 2–90 years. As such, examination 
of the two measures provides a more complete understanding of the development of early 
math abilities with implications for mathematics assessment in early childhood.
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2. Method
2.1. Participants
The Family Life Project (FLP) was designed to study young children and their families who 
live in two (Eastern North Carolina, Central Pennsylvania) of the four major geographical 
areas of the United States with high poverty rates (Dill, 2001). The FLP adopted a 
developmental epidemiological design in which sampling procedures were employed to 
recruit a representative sample of 1292 children whose families resided in one of the six 
counties at the time of the child's birth. Low-income families in both states and African 
American families in NC were over-sampled (African American families were not over-
sampled in PA because the target communities were at least 95% non-African American). 
Full details of the sampling procedure appear elsewhere (Vernon-Feagans, Cox & the FLP 
Investigators, 2013).
Data in the current analysis (N = 1005) were collected during visits when the target child 
was 48 months old (n = 920; SD = 2 months), of preschool age (n = 907; age M = 60 
months, SD = 3 months), and in kindergarten (n = 1005; age M = 71 months, SD = 3 
months). Primary caregivers reported children as 54% Caucasian, 46% African American, 
less than 1% other ethnicities, and half of children were male (49%). Almost three-quarters 
of the families were low-income (72%). Half of the mothers were not married (52%), almost 
half of the mothers had a high school education or less (40%), and only 16% had at least 4 
years of postsecondary education. At the preschool age data collection, 76% of the children 
were in child care or preschool classrooms with an average of 1.8 target children per 
classroom, and the remaining 24% were in home care. At the time of the kindergarten visit, 
children were nested in 487 classrooms, most of which had 1 target child (52%, range 1–10).
2.2. Procedures
At the 48-month home visit, two researchers visited the family's home and administered an 
executive function battery as part of a longer battery of tasks with parents and children. At 
the preschool and kindergarten visits, researchers visited children at school, or at home when 
in home care, and administered the ECLS-K Math battery, Applied Problems subtest, and 
the Peabody Picture Vocabulary Test (PPVT) as part of a larger battery of early academic 
achievement measures. Kindergarten teachers were given a packet of questionnaires to 
complete that included ratings of the quality of the teacher's relationship with the target 
child. Teacher questionnaires were distributed in the spring, providing ample time for 
teachers to assess their relationships with children.
2.3. Measures
2.3.1. Executive function—At the 48-month home visit, children were administered a 
battery of six executive function tasks assessing working memory, inhibitory control, and 
attention shifting, and validated for use with 3- to 5-year-olds (Willoughby, Wirth, & Blair, 
2011; Willoughby, Wirth, Blair, & the FLP Investigators, 2012). A full description of each 
task as well as psychometric information can be found in a number of publications 
(Willoughby & Blair, 2011; Willoughby et al., 2011). The executive function battery 
included two working memory tasks, three inhibitory control tasks, and one attention 
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shifting task. The working memory tasks included a span task and a self-ordered pointing 
task. The inhibitory control tasks included a Stroop-like sound task, a farm animal go/no go 
task, and a spatial conflict task. The attention shifting task was a flexible item selection task 
(Jacques & Zelazo, 2001). Each executive function task was presented in an open flipbook 
format that presented the stimuli on one page and scripted instructions for administration on 
the other. Children were required to demonstrate an understanding of the rules by 
completing training trials and up to three practice trials for each task. Tasks were scored 
during data processing and children were required to complete at least 75% of the trials to 
receive a score.
Previous analyses with these data, described in Willoughby et al. (2011), used Item 
Response Theory (IRT) to estimate a child's latent ability on the task. As an alternative to 
Classical Test Theory (CTT), which weights each item within a measure equally, IRT 
estimates underlying true score ability by weighting each item according to its difficulty 
(Willoughby et al., 2011). IRT analyses generate an expected a posteriori (EAP) score—an 
estimate of the mean of the distributions of true ability for each item of a task representative 
of the child's true ability—for each child on each task. EAP scores are created on a Z-scale 
(M = 0, SD = 1). In the current study, EAP scores across each of the six tasks were averaged 
for a single score of each child's level of EF at 48 months. As is typical with measures of 
executive function tasks, the reliability of the EAP composite score was low, α = .55.
2.3.2. Teacher–Child relationships—Each child's kindergarten teacher completed the 
Student–Teacher Relationship Scale (STRS; Pianta, Steinberg, & Rollins, 1995), an 
instrument designed to assess teachers' perceptions of their relationships with individual 
children. The 15-item short-form used a Likert-type format and was designed to provide a 
measure of closeness (e.g., “I share an affectionate, warm relationship with this child”) and 
conflict (e.g., “This child and I always seem to be struggling with each other”) with a 
particular child. A composite score was created by averaging the closeness and reverse-
scored conflict items. The Cronbach's alpha for the composite score was 0.86, 95% CI [0.85, 
0.88].
2.3.3. Mathematics—Two measures were used to assess children's mathematics 
competency at the preschool and the kindergarten assessments, the ECLS-K Math battery 
(Rock & Pollack, 2002) and the Applied Problems subtest of the Woodcock-Johnson III 
Tests of Achievement (Woodcock, McGrew, & Mather, 2001). Both measures have been 
validated for use with preschool and kindergarten samples, but differ in certain respects. The 
ECLS-K Math battery was specifically developed for use in the Early Childhood 
Longitudinal Study-Kindergarten and measures young children's ability in several domains 
of math problem solving including number and shape (“Tell me what number this is”), 
relative size (“Point to the stick that is shorter than the bat”), ordinality and sequencing 
(“Point to the person who is third in line from the drinking fountain”), and addition and 
subtraction (“If you had three cars and someone gave you two more cars, how many cars 
would you have altogether?”). In total, there are 66 items on the measure specifically 
designed for kindergarteners and first graders to be able to answer. Preliminary items are 
used to route children to questions at three different difficulty levels. In the current sample, 
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children answered on average 33 items at the preschool assessment and 38 at the 
kindergarten assessment. Scoring procedures for ECLS-K Math were used to derive 
standardized T-scores (M = 50, SD = 10) from theta estimates of IRT scores. Publishers of 
ECLS-K Math report the reliability of IRT-based scores as 0.91 in fall of kindergarten year 
and 0.93 in spring of kindergarten year (Tourangeau, Nord, Le, Sorongon, & Najarian, 
2009).
In contrast to ECLS-K Math, Applied Problems was designed specifically to assess 
mathematics ability from ages 2–90 years (Woodcock et al., 2001). Items for young children 
include numeracy (“Show me two fingers”), counting (“How many cows are in this 
picture”), and addition/subtraction (“If you took away can one, how many would be left?”). 
Testing begins with item number one and progresses until the child responds incorrectly to 
six consecutive items. In the current sample, children answered on average 22 items at the 
preschool assessment and 31 at the kindergarten assessment. Scoring software was used to 
derive standardized W-scores based on IRT scoring. The W-score is based on an average 
score of 500, which is what a 10-year-old would be expected to score. Reported reliability is 
0.94 for 4- to 5-year-olds (Woodcock et al., 2001).
2.3.4. Vocabulary—At the preschool assessment, data collectors administered the 
Peabody Picture Vocabulary Test—4th Edition (PPVT; Dunn & Dunn, 2007) as a measure of 
children's verbal intelligence. Children are presented colored drawings, four to a page, and 
asked to identify the picture that best represents the word spoken by the data collector. The 
measure consists of 228 items in 19 blocks and administration is discontinued after eight 
errors within a block. Raw scores are converted to standard scores with a mean of 100 and 
SD of 15. Developers of the measure have reported internal consistency coefficients across 
ages as 0.94 and the test-retest reliability as 0.93 (Dunn & Dunn, 2007).
2.3.5. Income-to-need ratio—Consistent with prior work (Hanson, McLanahan, & 
Thompson, 1995), income-to-need ratios were used as a measure of family income level. At 
48 months, mothers reported income from all sources for each member of the household. An 
income-to-need ratio was calculated as total household income, divided by the federal 
poverty threshold for the particular year in which the data were collected, and adjusted for 
the number of household members. Income-to-need ratios were natural log transformed.
2.3.6. Covariates—Each of the prediction models included a number of child- and family-
level covariates. Child ethnicity was coded as “1” for African American and “0” for not 
African American. Child sex was coded as “1” for male and “0” for female. Primary 
caregiver's level of education was coded as the number of years the primary caregiver had 
spent in school. The state in which the family resided was coded as “1” for North Carolina 
and “0” for Pennsylvania.
2.4. Data analysis
Because these analyses involved students nested within kindergarten classrooms, it was 
necessary to reduce potential bias in estimates due to non-independence of observations. As 
such we conducted multilevel model (MLM) analysis with a random intercept using the 
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TYPE = TWOLEVEL command in Mplus Version 7.0 (Muthén & Muthén, 2012). This 
analysis allows classroom means to vary around the grand mean and identifies the 
proportion of variance attributable to the classroom. All independent variables were added to 
the models at the individual level. All continuous variables were centered at the grand mean, 
providing an intercept that can be interpreted as an adjusted mean for each classroom 
(Raudenbush & Bryk, 2002).
Separate multilevel models were conducted for ECLS-K Math and Applied Problems. First, 
an unconditional means model estimated a grand mean for each kindergarten math score and 
the proportions of variance attributable to between-classroom and within-classroom levels. 
The equation for this model at the individual level is Yij = β0j + εij where Yij is the 
kindergarten math score for child i in classroom j, β0j is the adjusted intercept for classroom 
j, and εij is the random error term that represents the residual (or unexplained) variation in 
the outcome and is assumed to have a normal distribution with a mean of 0 and variance of 
. The equation for the unconditional means model at the classroom level isβ0j = b0 + ζj 
where b0 is the intercept and ζj is the error term that allows classroom means to vary around 
the intercept (grand mean) and is assumed to be independent from  and have a normal 
distribution with a mean of 0 and variance of .
Second, we tested the main effects of our predictor variables by adding executive function 
EAP scores, teacher–child relationship ratings, and corresponding preschool math score 
variables to the models. The equations for this models at are:
where the covariates include family income-to-needs ratio, child's race and sex, primary 
caregiver's level of education, and state.
Third, we tested the moderating effect of executive function EAP scores and teacher–child 
relationships rating on the relation between preschool and kindergarten math scores by 
adding interaction terms between preschool math scores and teacher–child relationship 
ratings and between preschool math scores and executive function EAP scores. Variables 
were centered at the grand mean prior to creating interaction terms. The equations for this 
model are:
Missing data—Total sample size recruited at study entry was 1292 with 1066 children 
seen at the 48-month home assessment, 991 children seen at the preschool assessment, and 
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1010 children seen at the kindergarten assessment. To assess possible differential attrition in 
the sample, we examined a number of variables for which we had complete information 
collected at child age of approximately 2 months, including state of residence, ethnicity, sex, 
child age at the 2-month follow up, income, total number of household members, number of 
children in the household, and primary caregiver age, education, marital status, and 
employment. Only child's ethnicity indicated differences such that families who were not 
included in our analytic sample were more likely to be African American.
Analyses included 1005 children with kindergarten math data. Among the included cases, 
16% were missing preschool ECLS-K Math scores, 10% were missing preschool Applied 
Problems scores, 8% were missing the kindergarten teacher–child relationship ratings, 1% 
were missing executive function scores at 48-months, and less than 1% were missing one of 
the math assessments at kindergarten. To avoid bias in parameter estimates associated with 
missing data, we estimated our multilevel regression models using full information 
maximum likelihood (FIML) estimation with robust standard errors. FIML makes use of all 
the information present in the independent variables to estimate the covariance matrix and 
thus effectively allowed us to use the entire sample with data on the dependent variables 
(Enders & Bandalos, 2001).
3. Results
Descriptive statistics for demographic variables, predictor variables, and academic outcomes 
are shown in Table 1. As expected, children's math scores improved by more than a standard 
deviation from preschool to kindergarten on the ECLS-K Math, M = 32.7 (SD = 6.56) to 
40.6 (SD = 5.42), and on Applied Problems, M = 407.5 (SD = 21.73) to 431.1 (SD = 19.29). 
Correlations among predictor variables and math measures are displayed in Table 2. ECLS-
K Math and Applied Problems scores were highly correlated at preschool, r = 0.70 and at 
kindergarten, r = 0.67. Preschool to kindergarten assessments of the same measures were 
also highly correlated, although more so for Applied Problems, r = 0.71, than for ECLS-K 
Math, r = 0.57. The executive function EAP score was highly correlated with math scores in 
preschool and kindergarten, rs = 0.44 to 0.52. Teacher–Child relationship ratings were 
modestly correlated with math scores in preschool and kindergarten, rs = 0.17 to 0.23.
3.1. Multilevel regression results
Table 3 presents the unconditional means models predicting mathematics ability in 
kindergarten for the ECLS-K Math and Applied Problems measures in separate models. 
Intraclass correlation coefficients (ICC) indicated that with no predictors in the model, 16% 
of the variance in kindergarten ECLS-K Math scores and 32% of the variance in 
kindergarten Applied Problems scores were attributable to the classroom level.
Table 4 presents the results for the multilevel regression models predicting both of the 
kindergarten math assessments. Model 1 includes covariates, ratings of teacher–child 
relationship quality, the composite measure of executive function, and the respective 
preschool math score for each of the kindergarten math outcomes. The addition of the 
covariates and predictors reduced residual variances from 24.69 in the unconditional means 
model to 16.24 for ECLS-K Math and from 259.90 to 141.60 for Applied Problems, a 
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difference of 34% and 46%, respectively. The corresponding reduction in the ICC from the 
unconditional means models was from 0.16 to 0.09 for ECLS-K Math and from 0.32 to 0.13 
for Applied Problems, a difference of 43% and 49%, respectively.
As expected, in separate models, math scores in preschool significantly predicted math 
scores in kindergarten for both ECLS-K Math and Applied Problems, b = 0.29, SE = 0.03, p 
< .001 and b = 0.44, SE = 0.04, p < .001, respectively, with effect sizes of β = 0.37 and β = 
0.52 (Table 4). Boys scored higher than did girls on both measures, ECLS-K Math, β = 
0.07, b = 0.70, SE = 0.27, p = .008, and Applied Problems, β = 0.05, b = 1.87, SE = 0.86, p 
= .029. Child age was positively related to ECLS-K Math scores at a trend level, β = 0.05, b 
= 0.93, SE = 0.49, p = .057, and significantly predicted Applied Problems scores, β = 0.06, 
b = 4.12, SE = 1.58, p = .009. Vocabulary measured in preschool was positively related to 
ECLS-K Math scores, β = 0.18, b = 0.06, SE = 0.01, p < .001, and Applied Problems scores, 
β = 0.19, b = 0.23, SE = 0.05, p < .001.
Also as reported in Table 4, the composite measure of executive function in preschool was 
positively related to both measures of math, ECLS-K Math, b = 1.46, SE = 0.35, p < .001, 
and Applied Problems, b = 5.56, SE = 1.30, p < .001, with similar effect size, β = 0.14 and β 
= 0.15, respectively. In contrast to executive function, the main effect of the quality of the 
teacher–child relationship in kindergarten was not consistent across the two measures of 
math ability in kindergarten. Children reported as having a higher quality relationship with 
the kindergarten teacher had higher ECLS-K Math scores in kindergarten, b = 0.43, SE = 
0.25, p = .084, at a trend-level of statistical significance with a small effect size, β = 0.05, 
whereas the quality of the teacher–child relationship was unrelated to the Applied Problems 
subtest.
3.1.1. Moderating effects of teacher–child relationships and executive function
—Model 2 in Table 4 presents the test of our key hypothesis that executive function abilities 
and the quality of the relationship with the kindergarten teacher will each moderate the 
effect of math ability in preschool on math ability in kindergarten. Executive function scores 
at 48 months significantly moderated the association between preschool math ability and 
kindergarten math ability as assessed by the ECLS-K Math assessment, β = −0.14, b = 
−0.11, SE = 0.05, p = .019, but not the Applied Problems test. This interaction is shown in 
Fig. 1. Follow-up tests of the simple slopes indicated that the association between preschool 
and kindergarten ECLS-K Math scores was stronger among children with lower levels of 
executive function, β = 0.37, p < .001, than among children with higher levels of executive 
function, β = 0.24, p < .001.
The interaction of teacher–child relationship quality with mathematics ability in preschool 
also significantly predicted mathematics in kindergarten on the ECLS-K Math measure, β = 
−0.08, b = −0.23, SE = 0.05, p < .001, but not the Applied Problems subtest. Fig. 2 
illustrates the interaction. Again, the association between preschool and kindergarten ECLS-
K Math Scores was stronger among children with a less positive relationship with the 
kindergarten teacher, β = 0.47, p < .001, compared to children with a more positive 
relationship with the kindergarten teacher, β = 0.30, p < .001.
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4. Discussion
The primary aim of this study was to examine the extent to which executive function 
abilities and the quality of relationships that children form with kindergarten teachers might 
moderate the association between math ability in preschool and math ability in kindergarten. 
Specifically, we were interested in whether these aspects of children's readiness for school 
might compensate for or buffer poor academic preparedness. We found that children's 
executive function abilities at age 48 months and higher quality relationships with the 
kindergarten teachers each uniquely moderated the development of math ability from 
preschool to kindergarten. This effect was seen for math ability as measured by the ECLS-K 
math assessment but not the Applied Problems subtest. For children with lower math ability 
in preschool as assessed by the ECLS-K Math battery, higher executive function abilities and 
a more positive relationship with the kindergarten teacher were each associated with a higher 
than expected levels of math ability in kindergarten.
4.1. Moderators of preschool and kindergarten math ability
It is well known that measures of academic ability are moderately to highly stable in early 
childhood (La Paro & Pianta, 2000) and that the best predictor of later ability is early ability 
(Duncan et al., 2007). In the study of early academic ability, however, a growing literature 
demonstrates that measures of executive function in young children account for meaningful 
variation in academic outcomes, particularly mathematics, even when controlling for prior 
academic ability and measures of general intelligence and vocabulary (Blair & Razza, 2007; 
Bull, Espy, Wiebe, Sheffield, & Nelson, 2011; McClelland et al., 2007; Welsh, Nix, Blair, 
Bierman, & Nelson, 2010). As well, a growing body of research on the teacher–child 
relationship has shown that positive relationships with teachers and the absence of conflict 
with teachers are uniquely related to later academic ability, even when controlling for 
measures of earlier ability and classroom quality (Hamre & Pianta, 2001; Howes et al., 
2008).
Although the prior literature is clear about the presence of multiple influences on academic 
ability in early childhood, few studies have examined relations among these predictors. This 
is particularly the case for samples of children at risk for early school difficulty due to 
socioeconomic status. From a theoretical standpoint, it is logical that executive function 
abilities and the quality of relationships with teachers would matter most for children with a 
lower level of prior ability. Notably, such a hypothesis of moderation is consistent with 
somewhat dated but nonetheless intriguing evidence from a nationally representative survey 
of kindergarten teachers indicating that teachers perceive self-regulation skills and abilities 
to be more important for school readiness than early academic skills (Heaviside & Farris, 
1993). Executive function skills provide the platform for acquiring and making sense of 
increasingly complex information and for reflecting on that information and generating 
conceptual structures through which it is organized. As such, executive functions are one 
important component of self-regulated learning and the metacognitive abilities that are 
important contributors to academic learning (Perry & Winne, 2013).
To date, there has been limited research on influences on metacognitive development in 
young children (Bryce & Whitebread, 2012). Our results suggest the potential value of a 
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focus on self-regulation, including executive function as well as social competence as 
indicated by the child's relationship with the teacher, in research on metacognitive 
development and self-regulated learning in children. Although the relation of executive 
functioning to processes of learning is relatively clear, a similar case can be made for the 
teacher–child relationship. Teachers provide more explanation and scaffolding for children 
with whom they report a close relationship (Allington, 1984; Nomi, 2009). As well, kinder-
gartners with close relationships to teachers demonstrate greater self-direction and 
enjoyment in school activities, and are better able to manage frustration (Birch & Ladd, 
1997; Pianta et al., 1995).
Notably, the observed moderation of early academic ability by the measure of EF and the 
teacher–child relationship was seen over and above an effect for child receptive vocabulary. 
Receptive vocabulary is frequently considered to be a marker of general ability and is 
moderately correlated with executive function abilities and teacher–child relationships in 
these and other data (e.g., Blair & Razza, 2007; Bull et al., 2011; Burchinal, Peisner-
Feinberg, Pianta, & Howes, 2002; Justice, Cottone, Mashburn, & Rimm-Kaufman, 2008). 
That interactions of executive function ability and teacher–child relationships with early 
ability explain unique variation in kindergarten math ability over-and-above receptive 
vocabulary adds strength to our findings.
4.2. Measuring mathematics ability
Further, as noted in the introduction, we focus specifically on early mathematics learning for 
methodological and conceptual reasons. Based on the foregoing, however, we expect that 
our findings may generalize to other aspects of early learning in school, particularly those 
aspects that are associated with reasoning and abstraction, such as reading comprehension 
and science learning. Executive function abilities and the teacher–child relationship are 
positively related to reading, language, and general classroom engagement in preschool and 
kindergarten (Birch & Ladd, 1997; Burchinal et al., 2002; Fuhs & Day, 2011; Harrison, 
Clarke, & Ungerer, 2007; Jones, Bub, & Raver, 2013). A key point for this analysis, 
however, concerns that fact that evidence for the moderation of early mathematics ability by 
executive functions and the quality of the teacher–child relationship was seen only for one of 
the measures of mathematics ability. Children with lower level of mathematics ability in 
preschool as assessed by the ECLS-K Math battery but not the Applied Problems subtest 
made greater improvements in math performance in kindergarten when characterized by 
higher levels of executive functions or more positive relationships with kindergarten 
teachers.
This discrepancy is of interest in that both measures are highly reliable and valid. The 
ECLS-K Math battery, however, was designed specifically for use in early childhood while 
the Applied Problems subtest was designed for use across the lifespan. As such, the ECLS-K 
Math battery is more sensitive to variation in ability among young children. Unlike the 
Applied Problems subtest, on the ECLS-K Math battery children are routed to distinct 
ability levels. Children also complete a greater number of items across a wider range of 
domains of mathematics. Consequently, despite similar internal consistency reliability and 
criterion related validity, the stability of the Applied Problems subtest, r = 0.71, in this 
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sample was considerably higher than that for the ECLS-K Math battery, r = 0.57. The 
smaller amount of variance in the kindergarten assessment of the ECLS-K Math battery 
accounted for by the preschool assessment allows for the detection of relatively small effects 
such as those associated with the interaction terms. Both measures are excellent measures of 
the construct and are highly correlated at each time point. Our findings, however, indicate 
that studies that rely exclusively on the Applied Problems subtest, a widely used measure of 
mathematics ability in children, are likely to miss small but meaningful influences on math 
achievement.
4.3. Limitations and future directions
Although the strengths of the present study include a prospective, longitudinal design with 
extensive assessment of executive functions and mathematics ability, findings should be 
interpreted with certain limitations in mind. First, although the design is longitudinal, and as 
such inference is relatively strong, associations between variables are correlational and 
cannot be interpreted as causal. A further potential limitation of the research concerns the 
absence of information on classroom climate or instructional practices. Both are important 
influences on child academic achievement. A prior analysis with the NICHD SECCYD data 
set found that the effect of teacher–child relationship quality on growth in math achievement 
between third and fifth grade was observed only in classrooms in which instructional quality 
was high as indicated by inferential instructional techniques (Crosnoe et al., 2010). Given 
this prior finding, it is conceivable that with information on instructional quality we might 
have detected even larger interactions of executive functions and teacher–child relationship 
quality with preschool mathematics knowledge in classrooms in which instructional quality 
was high. Indeed, it is possible that our detection of interaction effects would have also 
extended to the Applied Problems subtest, the measure of mathematics ability included in 
the SECCYD.
A third limitation concerns the suitability of the measures of mathematics ability as 
measures of academic learning. Our hypotheses are concerned with the premise that 
executive functions and the relationship with the teacher are important for the process of 
learning. The standardized measures that are our outcome variables, however, are measures 
of acquired ability. Presumably, these measures are valid indicators of the learning process. 
Research examining associations of executive function and related constructs to processes of 
learning, ideally in experimental evaluations of activities designed to foster self-regulated 
learning (e.g., Fuchs et al., 2003), can address this important point.
A fourth limitation concerns the possibility that the findings may be somewhat specific to 
the predominantly low-income populations to which this sample would be expected to 
generalize. Children in poverty are less likely than their more advantaged peers to 
experience early rearing environments that provide learning opportunities in math and 
reading and the rich and varied exposure to language that are known to be important for 
early academic success (Bradley, Corwyn, McAdoo, & García Coll, 2001; Evans, 2004). For 
children with limited opportunity for learning prior to kindergarten, executive function 
abilities and the experience of a positive relationship with the teacher would be expected to 
offset early disadvantage. It remains to be seen, however, whether the moderating effects 
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observed in this predominantly low-income sample would extend across the range of SES. 
Interactions of executive functions and teacher–child relationship quality with mathematics 
ability in preschool were seen at the lower end of the distribution of preschool math ability 
but not the high end. As such it may be that the potential to detect moderating effects of the 
teacher–child relationship and executive function skills on mathematics in kindergarten was 
maximized and estimates of effects may be large relative to those expected in the general 
population.
5. Conclusions
Our findings highlight the interrelatedness of influences on school readiness, particularly for 
children with low levels of academic preparedness for school. While early math ability, 
executive function, and a higher quality teacher–child relationship have all been shown to be 
important for school readiness, it is encouraging that strength in a particular area can help to 
compensate for weaknesses in another. This point appears to be particularly applicable to 
children with poor academic preparedness associated with poverty. If executive function 
skills or positive relationships with teachers are associated with greater than expected 
progress in mathematics learning, this would suggest the efficacy of innovative approaches 
to promoting early school progress that focus on self-regulation and social competence. To 
this end, our results are consistent with findings from experimental evaluations of programs 
to promote school readiness for children in poverty, such as the Chicago School Readiness 
Project (Raver et al., 2011) in which an intervention focused on child behavior problems led 
to improvements in child executive functions, classroom climate, and academic ability in 
reading and math at the end of preschool year. Similar findings were also obtained in an 
experimental evaluation of the Tools of the Mind program (Blair & Raver, 2014). Children 
in kindergarten classrooms randomly assigned to implement Tools of the Mind had higher 
levels of executive function ability and academic achievement relative to children in 
classrooms randomly assigned to the control group. These effects were particularly large, as 
much as a half of a standard deviation, for children in classrooms in high poverty schools.
In addition, our findings provide support for kindergarten teachers' perceptions of school 
readiness. As reported in a nationally representative survey (Heaviside & Farris, 1993), 
teachers endorsed a conception of readiness characterized by self-regulation as opposed to 
acquired academic skills and abilities. This conception of school readiness is one in which 
children arrive at school with the self-regulation skills that support engagement in the 
classroom and that allow for effective teaching and learning. Our findings are consistent 
with this view and help to make clear that while academic preparation prior to school entry 
is certainly important, when children enter school with the self-regulation characteristics that 
teachers indicate as essential to readiness, they are increasingly likely to make academic 
progress regardless of prior indicators of ability.
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Fig. 1. 
Executive function moderates the relation between preschool and kindergarten ECLS-K 
Math, holding all other covariates constant at mean levels.
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Fig. 2. 
Teacher–Child relationship moderates the relation between preschool and kindergarten 
ECLS-K Math, holding all other covariates constant at mean levels.
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Table 1
Demographic information and descriptive statistics for predictor variables and academic outcomes.
Variable Mean/% SD Minimum Maximum N
Age at K 5.95 0.28 5.40 6.69 1005
Ethnicity
 Caucasian 54% 543
 African American 45% 456
 Native American 0.3% 3
 Asian 0.2% 2
 Pacific Islander 0.1% 1
Male 49% 1005
Income-to-Need Ratio 1.63 1.33 0.00 15.80 914
Vocabulary 94.02 15.52 46.00 135.00 907
EF −0.13 0.51 −2.14 1.23 920
Teacher–Child Relationship 4.34 0.62 2.13 5.00 928
Early Math Outcomes
ECLS-K Math P 32.64 6.56 16.44 51.36 839
ECLS-K Math K 40.58 5.42 18.13 55.67 1003
AP Math P 407.52 21.73 318.00 458.00 907
AP Math K 431.10 19.29 318.00 481.00 1003
Note. K = Kindergarten; EF = Executive Function; TCR = Teacher Child Relationship; P = Preschool; AP = Applied Problems.
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Table 2
Correlations among predictor and academic outcome variables.
1 2 3 4 5 6 7
1 TCR –
2 EF 0.20** –
3 Vocabulary 0.25** 0.57** –
4 ECLS-K Math P 0.22** 0.50** 0.61** –
5 ECLS-K Math K 0.20** 0.46** 0.51** 0.57** –
6 Applied Problems P 0.23** 0.52** 0.65** 0.70** 0.61**
7 Applied Problems K 0.17** 0.53** 0.60** 0.62** 0.67** 0.71** –
Note.
TCR = Teacher Child Relationship; EF = Executive Function; P = Preschool; K = Kindergarten.
*p < .05;
**p < .01;
***p < .001;
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Table 3
Unconditional means models for both kindergarten math measures.
ECLS-K Math AP math
b SE b SE
Intercept 40.73*** 0.19 431.66*** 0.74
Classroom variance 4.66 1.40 121.89 39.69
Residual variance 24.69 1.57 259.90 17.64
ICC 0.16 0.32
Note.
AP = Applied Problems.
*p < .05;
**p < .01;
***p < .001;
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Table 4
Regression coefficients predicting kindergarten mathematics ability from executive function and teacherechild 
relationships.
ECLS-K Math Applied problems
Model 1 Model 2 Model 1 Model 2
β b (SE) β b (SE) β b (SE) β b (SE)
Intercept 31.75 40.46 (0.28)*** 34.04 41.03 (0.29)*** 94.39 430.61 (0.90)*** 98.13 431.15 (0.95)***
Age at K 0.05 0.93 (0.49)† 0.05 0.95 (0.49)† 0.06 4.12 (1.58)** 0.07 4.40 (1.61)**
Ethnicity −0.05 −0.54 (0.40) −0.06 −0.60 (0.39) 0.00 −0.01 (1.35) 0.00 0.01 (1.36)
Sex (Male = 1) 0.07 0.70 (0.27)** 0.06 0.58 (0.26)* 0.05 1.87 (0.86)* 0.05 1.82 (0.85)*
Caregiver Education 0.05 0.09 (0.07) 0.06 0.12 (0.07)† 0.01 0.07 (0.21) 0.01 0.08 (0.21)
State (NC = 1, PA = 0) 0.04 0.39 (0.39) 0.03 0.35 (0.38) 0.00 −0.14 (1.16) −0.01 −0.31 (1.17)
Income-to-Need (nLog) −0.01 −0.04 (0.15) −0.02 −0.06 (0.15) −0.02 −0.23 (0.54) −0.01 −0.21 (0.54)
Vocabulary 0.18 0.06 (0.01)*** 0.17 0.06 (0.02)*** 0.19 0.23 (0.05)*** 0.19 0.23 (0.05)***
Math Preschool 0.37 0.29 (0.03)*** 0.39 0.31 (0.03)*** 0.52 0.44 (0.04)*** 0.51 0.43 (0.04)***
TCR 0.05 0.43 (0.25)† 0.03 0.21 (0.24) −0.01 −0.22 (0.82) −0.01 −0.24 (0.77)
EF 0.14 1.46 (0.35)*** 0.15 1.52 (0.36)*** 0.15 5.56 (1.30)*** 0.16 5.75 (1.31)***
Interactions
TCR*Preschool Math −0.14
−0.23 (0.05)*** −0.05 −0.08 (0.05)
EF*Preschool Math −0.08
−0.11 (0.05)* 0.00 0.00 (0.06)
Classroom Variance 1.62 (0.68)* 1.45 (0.65)* 20.81 (10.75)† 19.30 (10.71)†
Residual Variance 16.24 (0.94)*** 15.62 (0.95)*** 141.60 (12.43)*** 142.06 (12.46)***
Model R2 0.41 0.44 0.59 0.59
ICC 0.09 0.09 0.13 0.12
Note.
AP = Applied Problems; K = Kindergarten; TCR = Teacher Child Relationship; EF = Executive Function.
†p < .10;
*p < .05;
**p < .01;
***p < .001;
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